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(54) ELECTRODE CONTAINING ORGANIC DISULFIDE COMPOUND AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode in which high energy density and high charge and discharge efficiency 
can be held, and charge and discharge cycle characteristics are good by causing the electrode to contain a complex made of 
an organic disulfide compound, in which sulfur-sulfur bonding is cloven and regenerated by an electrolytic reduction and 
electrolytic oxidation, silver ions, and copper ions. 

SOLUTION: A complex made of an organic disulfide compound such as dithioglycol or the like, in which sulfur-sulfur bonding 
is cloven by electrolyte reduction so as to produce sulfur-metal ion (containing protons) bonding, and the original sulfur-sulfur 
bonding is regenerated by electrolytic oxidation, and silver ions , a complex made of the organic disulfide compound and the 
c opper ions, and fu rther on demand electrc^ ejr^e ria[ contai ni ngi polyaqi]jj}e j j|j;e formed on a conductive substrate, so as to 
obtain an electrode. In order to form the electrode, the organic disulfide compound is dissolved in NR-2-pyrolidone (R is H or 
alkyl group), the polyaniline is on demand added thereto, further the solution of silver slat and copper salt is mixed, and 1 the 
same is applied to the conductive substrate and is heated in an inert gas atmosphere or in a vacuum. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrode characterized by containing the complex which consists of an organic disulfide compound to which sulfur- sulfur 
combination cleaves with electrolytic reduction, sulfur-metal ion (proton is included) combination is generated, and sulfur-metal ion 
combination reproduces the original sulfur- sulfur combination according to electrolytic oxidation, and a complex ion, and the complex 
which consists of the aforementioned organic disulfide compound and a copper ion. 

[Claim 2] The complex which consists of an organic disulfide compound to which sulfur- sulfur combination cleaves with electrolytic 
reduction, sulfur-metal ion (proton is included) combination is generated, and sulfur-metal ion combination reproduces the original sulfur- 
sulfur combination according to electrolytic oxidation, and a complex ion, the complex which consists of the aforementioned organic 
disulfide compound and a copper ion, and the electrode characterized by containing PONIANIRIN. 

[Claim 3] Sulfur-sulfur combination cleaves with electrolytic reduction and sulfur-metal ion (proton is included) combination is generated. 
The process which dissolves the organic disulfide compound to which sulfur-metal ion combination reproduces the original sulfur-sulfur 
combination according to electrolytic oxidation in an N-R-2-pyrrolidone (R is hydrogen or an alkyl group), and obtains Solution A, The 
process which dissolves the process, the silver salt, and the copper salt which add the poly aniline in the aforementioned solution A, and 
obtain Solution B in an N-R-2-pyrrolidone, and obtains Solution C, The manufacturing method of the electrode characterized by including 
the process heated in inert gas atmosphere or a vacuum after applying the process which mixes the aforementioned solution B and the 
aforementioned solution C, and obtains Mixture D, and the aforementioned mixture D on a conductive substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the electrode containing the organic disulfide compound used for 
electrochemistry elements, such as a cell, an electrochromic display device, a sensor, and memory, and its manufacturing method. 
[0002] 

[Description of the Prior Art] Since the conductive polyacethylene was discovered in 1971, if the conductive polymer has been used for the 
electrode material, it is lightweight, and since electrochemistry elements, such as a cell of high-energy density, and an electrochromic 
element of a large area, a biochemistry sensor using the microelectrode, are expectable, the conductive polymer electrode is examined 
briskly. However, other pi-electron conjugated-system conductive polymers have been examined from a polyacethylene being unstable and 
it being lacking in practicality as an electrode. And comparatively stable macromolecules, such as the poly aniline, poly pyrrole, the poly 
acene, and the poly thiophene, are developed, and the lithium secondary battery which used such a macromolecule for the positive 
electrode is developed. The energy density of these cells is said in 40-80 Whs/kg. 

[0003] Recently, the organic disulfide system compound is proposed by U.S. Pat. No. 4,833,048 as an organic material which can expect 
high-energy density further, this compound - most - easy - M+--S-R-S--M+ ** - it is expressed (for an aliphatic or aromatic organic 
machine and S, sulfur and M+ are [ R ] a proton or a metal cation) This compound is electrolytic oxidation. S-S It joins together mutually 
through combination and polymer-izes in a form like M+--S-R-S-S-R-S-S-R-S--M+. In this way, the generated polymer returns to the 
original monomer with electrolytic reduction. The metal -sulfur rechargeable battery which combined Metal M and the organic disulfide 
system compound which supply a cation (M+) and are caught is proposed by the above-mentioned U.S. patent. The energy density of this 
cell is 150Whs/kg or more, and can expect an even match or the energy density beyond it to the usual rechargeable battery. 
[0004] 

[Problem(s) to be Solved by the Invention] However, such an organic disulfide compound has the problem on which electrode capacitance 
decreases gradually, when oxidation reduction (charge and discharge) is repeated. This is considered that the following results. If an 
organic disulfide compound is oxidized (charge), it will be electric insulation and a scarce poly disulfide compound will generate to ion 
conductivity. A poly disulfide compound is deficient in the solubility over an electrolyte. The organic disulfide monomer generated on the 
other hand when this poly disulfide compound monomer-izes by reduction (electric discharge) has the high solubility over an electrolyte. 
For this reason, a part of disulfide monomer- ized by reduction (electric discharge) dissolves in an electrolyte, and the phenomenon which 
polymer-izes this dissolved monomer in the place located from the first in the electrode by oxidization (charge) and a different place 
happens. The poly disulfide compound which is separated from electric conduction agents, such as carbon, polymer-ized, and deposited is 
isolated from the network of the electron and ionic conduction in an electrode, and stops participating in electrode reaction. For this reason, 
if oxidation reduction is repeated, the isolated poly disulfide compound will increase, consequently the capacity of a cell will fall gradually. 
Moreover, it is easy to move a soluble organic high disulfide monomer, and it dissipates in a negative -electrode side further in separator or 
an electrolyte from a positive electrode. Thus, by the cell which used the electrode containing an organic disulfide compound for the 
positive electrode, it had the fault that charge-and-discharge efficiency fell or a charge-and-discharge cycle life became short. Without 
solving the above-mentioned problem and spoiling the feature of the high-energy density of an organic disulfide compound, charge-and- 
discharge efficiency is held highly and this invention aims at offering the electrode from which a good charge-and-discharge cycle property 
is acquired. 
[0005] 

[Means for Solving the Problem] In view of the above-mentioned technical problem, sulfur-sulfur combination cleaves with electrolytic 
reduction, and the electrode by this invention generates sulfur-metal ion (proton is included) combination, and contains the complex which 
consists of an organic disulfide compound to which sulfur-metal ion combination reproduces the original sulfur-sulfur combination 
according to electrolytic oxidation, and a complex ion, and the complex which consists of the aforementioned organic disulfide compound 
and a copper ion. v 
[0006] 

[Embodiments of the Invention] The sulfur atom of an organic disulfide compound configurates as a ligand a complex with the complex 
ion of the organic disulfide compound used by this invention, and the complex with a copper ion in a complex ion and a c opper ion. Thus, 
sinceanorgan ic disulfide compound / npjiojTier) is fixed by the electrode as a i c ol^leTwith^r^mple^ion and a copperion7iris 

- suppresse d that an or g anic disu lfide compoundTmoirome^^ ele^tr^de^containing such a 

-"complex is u sed for a positive electro de^andXcfl brHtfgelm^i^^ 

-namely7 ¥charge-and-di schar ge cycle can obtain a good ceH.'MoTe^ve>7thFflexiBle electrodeexlEeTlenf irrfilrrrorganization-potency-can be 
"obtained'by compounding and using two kinds of such complexes. In addition, although an organic disulfidejcompqund exists where a 
complex with a complex ion and a complex w^h^c^pper ion are mixed in an eleTtri^dffilw h,r^ >^r-ize¥by char geTthe 

organtedjsj^d^OT complex ion and the'ojganic disulfide configurated. in the. copper ipn/orm polymer. The 

di nuclear complex wriich uses one or more copper ions and one or more complex ions as a nucleus, and makes a ligandTn^organicTli sulfide 
compound or a poly organic disulfide compound may be formed. 

[0007] As an organic disulfide compound which forms such a complex, the compound expressed with a general formula (R (S) y) n can be 
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used. For R, an aliphatic machine or an aromatic machine, and S are [ one or more integers and n of sulfur and y ] two or more integers. 
The dithio glycol expressed with HSCH2CH2SH, 2 expressed with C2N2S(SH)2, 5-dimercapto -1,3, 4-thiadiazole, s-triazine-2,4,6- 
trithiol expressed with C3H3N3S3, 7-methyl expressed with C6H6N4S3 - 2, 6, 8-trimercapto pudding or 4 expressed with C4H6N4S2, the 
5-diamino -2, a 6-dimercapto pyrimidine, etc. are used. All can use commercial elegance as it is. Moreover, the polymerization object 
containing the dimer of the organic disulfide compound which carried out the polymerization of these organic disulfide compounds using 
oxidizers, such as iodine, potassium ferri cyanide, or a hydrogen peroxide, and a trimer can also be used. A polymerization can also be 
carried out by the electrolytic oxidation method without carrying out the chemistry polymerization of the organic disulfide compound using 
an oxidizer and also using an oxidizer. 

[0008] All can be used if it is monovalent silver salt, such as silver-nitrate, N, and N-silver diethyldithiocarbamate (C2H5) (2NCSSAg), 

trifluoromethane sulfonic-acid silver (CF3S03Ag), and 4 fluoride boric-acid silver (AgBF4), as silver salt which forms a complex. 

Moreover, as a copper salt which forms a complex, divalent copper salts, such as cupric-chloride, N, and N-di methyl dithio carbamine 

copper (C2H5) (2NCSS) (2Cu), the univalent copper salt returned by S02 can use a cupric chloride etc. further. In order to form a complex 

from an organic disulfide compound, silver salt, and a copper salt, there is the method of mixing the ethanol solution of a cupric chloride 

returned by the ethanol solution of an organic disulfide compound, the ethanol solution of a silver nitrate, and S02 besides the method as *~fl^$e 

shown in the example mentioned later etc. If the complex formed by the org anic di sul fide compound , sil ^yersal t, and thejgoppgx_saltj s^ a«L j 

niustrateAAn^ ganic disu lfide compoun<f2 and 5 - di mercajrtOjJJ^ azole -- the case of CuAg(C2HN2 S3H ,and_a t^Hr^^ 

""a^tnTo^Rlycol - the case ofniAT[^ (C3N3S3)^4r4rand-7-methyl--€4n^^^K^^^^ itf 

^of*8-tfi mercapto_ pudcl ingHnln^asTof CuA'g^ CuAg P* " f- 

*=fO009]"Pfessing of the powder of these complexes can be carried out as it is, and it can be used as an electrode. Moreover, you may mix the 
electric conduction material in conductive polymer powder, such as thepolyamline^ acetylene black, or the end of metal silver dust to the 
powder of these complexes. Es pecially the poly aniline not onl y acts as electric conduction^ material , but it acts also as a tigand of a 
complex ion and a c opper ion , and the high order metal macromole^le*c^rnplexwKich an organic disulfide compound molecuIeTthe'poly 
^a mline^Q lgcul e and a co m pleTio;^ in o rdeTfor an_orga nicjdi s u lfide compound lo"^ 

'~~~act as a do pant of the poly a niline and to for m cpmplex is formed furtiier.^Since this metal macromolecule complex holds an organic 
^disulffde compound in an electrode more firmly, it can obtain a cell with a more good charge- and-discharge cycle. Although arbitrary 
things can be used for the silver in such a metal macromolecule complex, and a copper atomic ratio, more desirable atomic ratios are 
Ag/Cu=0.05 / 1 - 0.95/1. The flexible electrode which was excellent in especially film organization potency in it being this range can be 
obtained. The poly aniline molecule has [ the blending ratio of coal of a complex with the complex ion of an organic disulfide compound 
and a complex with a copper ion, and the poly aniline ] 0.1 to 10 desirable molecule to organic disulfide compound 1 molecule. 
[0010] What is obtained as a poly aniline by carrying out the polymerization of an aniline or its derivative by the chemistry polymerization 
method or the electrolytic polymerization method is used. Since especially the reducing poly aniline of a ** dope state catches an organic 
disulfide monomer effectively, it is desirable. The degree (RDI) of reduction of the poly aniline is shown by the electronic absorption 
spectrum of the solution which carried out the minute amount dissolution of the poly aniline at the N- methyl -2-pyrroli done. That is, it is 
expressed with the ratio (RDI=I640 / 1340) of the intensity (1340) of the absorption peak resulting from the Para substitution benzene 
structure of appearing in neighboring 340nm short wavelength side, and the intensity (1640) of the absorption peak resulting from the 
quinone diimine structure of appearing in neighboring 640nm wavelength [ long ] side. 0.5 or less poly aniline is suitably used for RDI. 
Moreover, the grade of the ** dope of the poly aniline is expressed by conductivity, and the poly aniline of 10 to 5 or less S/cm is suitably 
used for conductivity. 

[001 1] In order to manufacture the electrode by this invention, first, an organic disulfide compound is dissolved in an N-R-2-pyrrolidone (R 
is the alkyl group of hydrogen or CH3, C2H5, and C3H7 grade), and Solution A is prepared. And the poly aniline powder is mixed in this 
solution A, and Solution B is obtained. Moreover, silver salt and a copper salt are dissolved in an N-R-2-pyrrolidone, and Solution C is 
prepared. The solution B previously prepared as this solution C is mixed, and Mixture D is created. Furthermore, after applying this 
obtained mixture D on a conductive substrate, it heats in inert gas atmosphere or a vacuum. Thus, the electrode by this invention can be 
obtained. If an N-R-2-pyrrolidone is used as a solvent, it is possible to mix uniformly an organic disulfide compound, a complex ion, a 
copper ion, and the poly aniline on molecule level. Therefore, in the manufacturing method of this invention, it has the advantage which 
can obtain easily the electrode which has the shape of a thin film of uniform composition, and the configuration of a large area. As an N-R- 
2-pyrrolidone, what reduced moisture for the commercial reagent to 20 ppm or less with remaining as it is or the zeolite adsorbent can be 
used. 

[0012] Moreover, you may make the electrode by this invention contain organic macromolecule binders, such as a polyvinyl pyrrol idone, 
polyvinyl alcohol, and a polyvinyl pyridine, in addition to a complex with the complex ion of an organic disulfide compound, a complex 
with a copper ion, and the poly aniline. Furthermore, it is desirable to also make an electrode contain a gel electrolyte, this gel electrolyte - 
the aprotic solvent of propylene carbonate or ethylene carbonate -- LiBF4, LiPF6LiAsF6, and LiC104 and LiCF3 -- S03 and LiN 
(CF3S02)2 etc. -- the organic electrolytic solution which dissolved lithium salt is gelled with high molecular compounds, such as a 
polyacrylonitrile, a polyethylene oxide, a polyvinylidene fluoride, and a polyacrylic acid 
[0013] 
[Example] 

«example 1» 0.76g (six millimole) of iodine was dissolved in 50ml ethanol, Solution A was prepared, 0.55g (CuC12.2H20) (three 
millimole) of 0.48g [ of silver nitrates ] (three millimole) and cupric-chloride 2 monohydrates was dissolved in 25ml ethanol, and Solution 
B was prepared. And these solutions A and B were mixed and the mixed solution C was prepared. Furthermore, 2, 5-dimercapto - When 
the solution C which dissolved 1, 3, and 4-thiadiazole (it abbreviates to DMcT hereafter.) 1.8g (12 millimole) in 50ml ethanol, prepared 
Solution D, and was previously prepared as this was mixed, the complex of a red lamp color generated as a solid. After carrying out 
centrifugal separation of the liquid containing this solid and taking out a solid, abundance washing of this solid was carried out by heat 
alcohol. Finally, after washing a solid by ethyl ether, the vacuum drying was carried out and CuAg (C2HN2S3)4 (DMcT-CuAg is called 
hereafter.) whose DMcT is the configurated complex dyad [ every ], respectively was obtained to one complex ion and one copper ion. 
Next, 2.3g was dissolved for LiBF4 in the mixed solvent which mixed propylene carbonate 10.5g and ethylene carbonate 7.9g, and the 
organic electrolytic solution was created. Furthermore, after having added 3g of polyacrylonitrile powder to this organic electrolytic 
solution, having heated at 100 degrees C, dissolving the polyacrylonitrile and gelling, it diluted with acetonitrile 20g and the gel electrolytic 
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solution was created, lg of powder and 0.05g of acetylene black powder of lg of this gel electrolytic solution and DMcT-CuAg were 
mixed, and the mixed slurry was obtained. The porosity carbon sheet with a thickness of 50 micrometers it is thin from a fluororesin and 
acetylene black was cut in size of 5x10cm, and after applying to this porosity carbon sheet the slurry created previously, it heated at 60 
degrees C among the vacuum. In this way, the thickness of the produced electrode A was 78 micrometers including the carbon sheet. 
[0014] Example of «comparison 1» lg of gel electrolytic solutions, lg of DMcT powder, and 0.05g of acetylene black powder created 
in the example 1 were mixed, and the mixed slurry was obtained. And the porosity carbon sheet was made to apply and dry this mixed 
slurry like an example 1. Thus, the thickness of produced electrode A' was 82 micrometers including the carbon sheet. 
[0015] «example 2» s-triazine-2,4,6-tri thiol (it abbreviates to TTA hereafter.) was used instead of DMcT used in the example 1, and 
complex Cu3Ag3(C3N3S3) 4 (TTA-CuAg is called hereafter.) which TTA configurated in the complex ion and the copper ion was 
obtained. Next, lg [ of powder of lg of gel electrolytic solutions and TTA-CuAg ] and acetylene black 0.05g created in the example 1 was 
mixed, and the mixed slurry was obtained. The porosity carbon sheet was made to apply and dry this mixed slurry like an example 1. Thus, 
the thickness of the produced electrode B was 85 micrometers including the carbon sheet. 

[0016] Example of «comparison 2» lg of gel electrolytic solutions, lg of TTA powder, and 0.05g of acetylene black powder created in 
the example 1 were mixed, and the mixed slurry was obtained. And the porosity carbon sheet was made to apply and dry this mixed slurry 
like an example 1. Thus, the thickness of produced electrode B' was 88 micrometers including the carbon sheet. 

[0017] «example 3» - after carrying out the ** dope of the pol y aniline ( ; by NITTO DENKO CORP. - it omits a tradename anilide 
and Following PAn) in an alkali solution, it returned by the hy^razihe'ana^PAn of** dope reduced condition was obtained Conductivity 
was [10-8 Sfcitrand the RDI value of PAn of this ** dope reduced condition ] 0.26. DMcTl.Sg was dissolved in lOg (it abbreviates to 
NMP hereafter.) of N-methyl-2-pyrrolidones, and Solution A was produced. l.Og of PAn powder of the ** dope reduced condition 
previously created in this solution A was added, and the ********** DMcT-PAn-NMP solution of a bluish green color was obtained. 
Next, bivalent 0.35g of anhydrous copper chlorides and 0.40g of silver nitrates were dissolved in NMP5g. In addition to the DMcT-PAn- 
NMP solution which created this solution previously, ********** | n k W as obtained. The titanium foil charge collector with a thickness of 
30 micrometers was disconnected in size of 5x8cm, the ink previously created on this titanium foil charge collector was applied, and it 
dried at 80 degrees C among the vacuum for 2 hours. Thus, the thickness of the produced electrode C was 55 micrometers including the 
titanium foil. 

[0018] Example of «comparison 3» The DMcT-PAn-NMP solution created in the example 3 was applied on the titanium foil like the 
example 3, and was dried. Thus, the thickness of produced electrode C was 50 micrometers including the titanium foil. 
[0019] «example 4» PAn of** dope reduced condition was created like the example 3. Conductivity was [ 10-8 S/cm and the RDI value 
of this PAn ] 0.28. After dissolving TTA1.8g in NMPlOg, l.Og of PAn powder of the ** dope reduced condition created previously was 
added, and the ********** TTA-PAn-NMP solution of a bluish green color was obtained. Next, 1.2g (CF3S03Ag) of silver-nitrate 
tri ft uorom ethane sulfonic-acid silver was dissolved in NMP5g. In addition to the TTA-PAn-NMP solution which created this solution 
previously, ********** ^ was obtained. This ink was applied on the titanium foil like the example 3, and was dried. Thus, the thickness 
of the produced electrode D was 60 micrometers including the titanium foil. 

[0020] Example of «comparison 4» The TTA-PAn-NMP solution created in the example 4 was applied on the titanium foil like the 
example 3, and was dried. Thus, the thickness of produced electrode D' was 58 micrometers including the titanium foil. 
[0021] Subsequently, the electrode performance evaluation of each electrode was performed. Cell A-D' of 2x2cm angle was constituted 
using a metal lithium with a thickness of 0.3mm as a negative electrode using electrode A-D' obtained in examples 1-4 and the examples 1- 
4 of comparison as a positive electrode. The gel electrolyte with a thickness of 0.6mm was used as a separator layer. A gel electrolyte gels 
and obtains 20.7g of mixed solutions of the propylene carbonate which mixed LiBF4 by the volume ratio 1:1 dissolved 1M, and ethylene 
carbonate by polyacrylonitrile 3.0g. In 20 degrees C, the charge and discharge of these cell A-D' were repeatedly carried out with 0.2mA 
fixed current in 4.65-2.0V. The service capacity in each charge-and-discharge cycle was measured, and the grade of reduction of the 
service capacity accompanying advance of a charge-and-discharge cycle estimated the charge-and-discharge cycle property. The result is 
shown in Table 1 . 



[0022] 
Table 11 
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0.4 


0.2 


B 


2.0 


2.3 


2.3 


2.2 


B' 
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2.6 
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2.2 


1.4 


0.6 


0.3 



[0023] As mentioned above, compared with the cell using the electrode of the example of comparison which corresponds by the cell using 
the electrode of the example according to this invention, respectively, the fall of the service capacity accompanying advance of a charge- 
and-discharge cycle is small. 

[0024] Drawing 1 shows the discharge voltage to the service capacity of the 5th cycle eye of charge and discharge of the cell A obtained in 
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the example 1 and the example 1 of comparison, and cell A'. A horizontal axis is service capacity (unit : mAh), and a vertical axis is a cell 
voltage (unit : V). Although comparatively flat discharge voltage is shown even if service capacity increases the cell A constituted from 
drawing 1 using the electrode by this invention, as for cell A' constituted as an example of comparison, discharge voltage is descending 
rapidly with the increase in service capacity, the same - drawing 2 - four - respectively - an example - two - four ~ comparison — an 
example ~ two - four - obtaining -- having had ~ a cell -- B -- B -- ' -- C -- C -- ' -- D D -- ' -- charge and discharge ~ the ~ five -- a 
cycle ~ an eye ~ discharge voltage ~ being shown . Any drawing shows the good result that the cell using the electrode by this invention 
gives voltage comparatively flat between 3. 5-2. 5 V. 
[0025] 

[Effect of the Invention] Since the electrode by this invention can mitigate dissipation out of the positive electrode of a positive active 
material in charge and discharge, if this electrode is used for a positive electrode, it can obtain a high-energy density rechargeable battery 
with few falls of the service capacity in charge and discharge, and can obtain still flatter discharge voltage. Furthermore, this invention can 
be used for the counter electrode and electrochemistry analog memory of biochemistry sensors, such as an electrochromic element and a 
glucose sensor, only as an electrode of a cell. Therefore, an electrochemistry analog memory with quick an electrochromic element and the 
early biochemistry sensor of a speed of response with a quick coloring / fading speed, and writing and read-out speed can be constituted. 



[Translation done.] 
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